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(57)  Theinvention relates to an apparatus for bend-
ing and tempering glass panels. The apparatus com-
prises a number of ring moulds (1) for supporting and
conveying glass panels; a number of preheating sec-
tions (2) for heating glass panels to a bending temper-
ature; at least one prebending section (2a) for sagging
a glass panel gravitationally; a bending section (3) pro-

Apparatus for bending and tempering glass panels

vided with a hoistable and descendable press mould (4);
and an annealing section (12) for tempering a bent glass
panel. The bending section (3) is provided with a hoist-
able and descendable mould supporting frame (7) for
supporting the mould (1) from below during a press-
bending operation. The supporting frame (7) is mounted
on a mobile cassette wagon (8) which constitutes a re-
placeable floor for the bending section (3).
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Description

[0001] Theinvention relates to an apparatus for bend-
ing and tempering glass panels, said apparatus com-
prising

- anumber of ring moulds for supporting and convey-
ing glass panels;

- a number of preheating sections for heating glass
panels to a bending temperature;

- atleast one prebending section for sagging a glass
panel gravitationally;

- abending section provided with a hoistable and de-
scendable press mould; and

- an annealing section for tempering a bent glass
panel.

[0002] Similar types of equipment without a press
mould are known from patent publications US-
5,306,324 and EP-624244. However, these devices do
not possess a capability of bending complex forms pres-
ently appearing e.g. in the double-curvature rear win-
dows of automobiles. On the other hand, e.g. the patent
publication US-5,695,537 discloses a press-bending
apparatus, wherein a glass element, having been bent
gravitationally on a ring mould, is subjected to final
bending by means of a press mould. In order to make a
gable-hinged mould sufficiently rigid for a press-bending
operation, the mould will become relatively massive and
structurally heavy. The heating and recooling of such
moulds requires more heating and cooling effect or re-
duces production capacity of the apparatus.

[0003] It is an object of the invention to provide the
above type of a bending and tempering apparatus for
complex forms, which enables the use of a light-struc-
tured mould fit for gravitational bending or a hinge mould
and a light-structured frame-like mould carrier also dur-
ing a press-bending operation.

[0004] According to the invention, this object is
achieved in such a way that the bending section is pro-
vided with a hoistable and descendable mould support-
ing frame for supporting the mould from below during a
press-bending operation.

[0005] Such asupporting frame is preferably included
in a mobile cassette wagon, which constitutes areplace-
able floor for the bending section.

[0006] One exemplary embodiment of the invention
will now be described in more detail with reference to
the accompanying drawings, in which

Fig. 1 shows an apparatus of the invention in a sche-
matic vertical section, and

Fig.2 shows a cross-section through the press-
bending section of the apparatus of fig. 1.

[0007] An unloading and loading section 18 is used

for removing of bent and tempered glass panels from a
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ring mould 1 (fig. 2) and for placing a glass panel to be
bent on the ring mould which is conveyed into an eleva-
tor section 17 for lifting the mould onto an upper con-
veyor track 20. Fig. 2 illustrates how the mould 1 is sup-
ported on a ring-like carrier 19, such that the mould 1
and the carrier 19 are essentially flush with each other
and flanges present along the sides of the carrier 19 ex-
tend into grooves present in the furnace walls onto roll-
ers of the conveyor track 20. A number of successive
mould carriers 19, along with moulds 1 and glass panels
to be bent, are adapted to be intermittently conveyable
towards a bending section 3, having its ceiling provided
with a hoistable and descendable male mould 4. A lower
track 21 of mould carriers includes respectively succes-
sive mould carriers 19, along with moulds 1 and temper-
ed glass panels. The mould carriers 19 of the lower track
21 are also adapted to be intermittently conveyable in a
direction opposite to the conveying direction of the
mould carriers present on the upper track of mould car-
riers.

[0008] First in the passage of the upper track 20 are
preheating sections 2, in which the heating is based on
forced convection which takes up its thermal energy
from glass panels presently cooling by means of forced
convection in lower cooling sections 15. Thus, the cool-
ing of glass panels can be sped up in the cooling sec-
tions 15 and the heating of glass panels to be heated
can be sped up in the heating sections 2. At the same
time, this enables a more effective exploitation of ther-
mal energy present in glass panels to be cooled. The
sections 2 and 15 can be structurally and functionally
essentially as described in the Applicant's patent publi-
cation US-4,986,842.

[0009] From the sections 2, the carriers 19, along with
moulds 1 thereon, proceed into preheating sections 2a
for effecting the principal heating of glass panels by ra-
diation heating. Therefore, the sections 2a have their
ceilings provided with electrically heated radiation heat-
ing resistances 22.

[0010] Next are prebending sections 2b, in which the
temperature of a glass panel rises to such a degree that
the glass panel begins to sag upon the ring mould 1 sup-
porting the same. The number of prebending sections
2b is sufficient for reaching almost a final bending shape
by gravitational bending in the final prebending section
2b. Thus, the male mould 4 present in the section 3 is
only used for finishing the bending action to maintain a
high optical quality. Resistances 23 present on the ceil-
ing of the prebending sections 2b are also divided in a
lengthwise direction of the furnace (in the conveying di-
rection) for resistance sub-fields for providing a heat ap-
plication pattern consistent with a desired bending form.
[0011] The sections 2a and 2b have a thermally insu-
lated bottom 24, which constitutes a floor between the
upper track sections 2a, 2b and lower track sections 14.
On top of this floor 24 lie radiation heating elements 25
set below the level of the carriers 19 and the mould 1
and heating the bottom of a glass panel presently within
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the sections 2a and 2b with direct radiation heat.
[0012] Since the carrier 19 is nothing more than a
light-structured ring, and since the mould 1 is also a
light-structured ring mould which is supported with its
outward protruding brackets upon inward protruding
brackets of the carrier 19, the mould 1 and the carrier
19 do not constitute a sufficiently robust assembly for
press-bending performed by the mould 4. This problem
is solved in the invention in such a way that the bending
section 3 is provided with a hoistable and descendable
mould supporting frame 7 capable of supporting the
mould 1 from below during a press-bending operation.
The supporting frame 7 comprises a circular ring com-
plementary to the shape of the ring mould's 1 bottom
surface. If necessary, the supporting frame 7 can be pro-
vided with positioning means for finalizing and precising
the mould's 1 position within the bending section 3. If
the ring mould comprises a so-called hinge mould pro-
vided with hinges at its ends, the supporting frame 7 has
a shape which is complementary to the hinge mould's
ultimate bending shape. The supporting engagement
between the supporting frame 7 and the ring mould 1
need not be continuous as long as there are a sufficient
number of supporting points around the ring.

[0013] The supporting frame 7 is carried by a mobile
cassette wagon 8 which constitutes a replaceable floor
for the bending section 3. Thus, when switching a bend-
ing shape, it is possible to provide the bending section
3 with a supporting frame 7 matching the contour of a
mould. The supporting frame 7 is propped on the cas-
sette wagon 8 by means of hoisting cylinders 10. Two
adjacent cassette wagons 8 are mounted on a rail 9,
which lies transversely to the conveying direction of the
moulds 1 and which extends beyond the bending sec-
tion 3 on either side, either one of the cassette wagons
8 being movable to establish the floor for the bending
section 3.

[0014] The bending section 3 has a replaceable ceil-
ing 5 which accommodates the press mould 4. Two ad-
jacent ceilings 5, along with their press moulds 4, are
mounted on a rail 6, which lies transversely to the con-
veying direction of the moulds 1 and which extends be-
yond the bending section 3 on either side, either one of
the ceilings 5, along with their press moulds 4, being
movable to establish the ceiling for the bending section
3.

[0015] The bending operation is followed by convey-
ing a bent glass panel on the mould 1 and the mould
carrier 19 through a rapid heating section 11 into an an-
nealing section 12, which includes top and bottom cool-
ing air boxes provided with nozzles for blasting jets of
annealing air to both surfaces of the glass panel. The
tempered glass panel is transferred in a lift section 13
onto the lower track 21, along which it is carried in a
single long rapid nonstop passage under the sections
11, 3, 2b and 2a into the previously described cooling
sections 15. Upon arrival in the first cooling section 15,
the glass panel temperature is e.g. 440°C, which ena-
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bles the transfer of a considerable amount of heat be-
tween the sections 15 and 2 by means of forced con-
vection. However, the recovery of heat for heating the
upper track glass panels is not absolutely necessary,
but, instead, the upper track sections 2 can all be pro-
vided with radiation heaters 22 and the last lower track
sections 15 can be provided with forced-convection
based cooling, the thermal energy obtained therefrom
being useful e.g. for heating a building.

Claims

1. An apparatus for bending and tempering glass pan-
els, said apparatus comprising

- anumber of ring moulds (1) for supporting and
conveying glass panels;

- anumber of preheating sections (2) for heating
glass panels to a bending temperature;

- atleastone prebending section (2a) for sagging
a glass panel gravitationally;

- abending section (3) provided with a hoistable
and descendable press mould (4); and

- anannealing section (12) for tempering a bent
glass panel,

characterized in that the bending section (3) is
provided with a hoistable and descendable mould
supporting frame (7) for supporting the mould (1)
from below during a press-bending operation.

2. An apparatus as set forth in claim 1, characterized
in that the supporting frame (7) is mounted on a
mobile cassette wagon (8) which constitutes a re-
placeable floor for the bending section (3).

3. An apparatus as set forth in claim 2, characterized
in that the supporting frame (7) is propped on the
cassette wagon (8) by means of hoisting cylinders
(10).

4. An apparatus as set forth in claim 2 or 3, charac-
terized in that two adjacent cassette wagons (8)
are mounted on a rail (9), which lies transversely to
the conveying direction of the moulds (1) and which
extends beyond the bending section (3) on either
side, either one of the cassette wagons (8) being
movable to establish the floor for the bending sec-
tion (3).

5. Anapparatus as set forth in any of claims 1-4, char-
acterized in that the bending section (3) has a re-
placeable ceiling (5) which accommodates the
press mould (4), and that two adjacent ceilings (5),
along with their press moulds (4), are mounted on
a rail (6), which lies transversely to the conveying
direction of the moulds (1) and which extends be-
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yond the bending section (3) on either side, either
one of the ceilings (5), along with their press moulds
(4), being movable to establish the ceiling for the
bending section (3).

An apparatus as set forth in any of claims 1-5, char-
acterized in that the mould (1) comprises a hinge
mould.
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